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INTRODUCTION
In the course of study of some molecular properties
of the ciliated protozoan Tetrahymena pyriformis W
as a function of its mode of growth, conventional
thin sections were examined in the electron micro-
scope.
As the cells progressed in their growth from the
ultradian or fast exponential mode to the infra-
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TsE JOURNAL OF CELL BIOLOGY . VOLUME ()8, 1973 ° pages 240-244FIGURE 1 Tetrahymena pyriformis W from a culture in the late ultradian mode of growth at a titer
of 130,000 cells/ml (average cell generation times > 4 h) at the onset of transition to the infradian
mode. Uranyl acetate/lead citrate staining. X 10,800.
FIGURE 2 Tetrahymena pyriformis W like the cell in Fig. 1 but stained by Thiery's method showing
a- and fl-glycogen particles in small islands in the endoplasm . As no lead or uranyl acetate counterstain
was employed, ribosomes appear faint. X 35,250.than or slow exponential (quasi-stationary) mode
(1), their ultrastructural appearance was that of
cells becoming progressively emptied of their nor-
mal endoplasmic constituents. The major portion
of the endoplasm had no conspicuously evident
contents other than the macronucleus . Suspecting
the synthesis and storage of glycogen not only be-
cause of the dramatic gross rise in assays of an-
throne-positive material in our own' and previous
work (2, 3), but also because of the abundant
supply of D-glucose in the medium (4), we applied
an ultracytochemical technique for the demon-
stration of glycogen particles, the periodic acid/
thiosemicarbazide/silver protein method of Thiery
(5), to the sections.
MATERIALS AND METHODS
Tetrahymena pyriformis W cultures were grown under
rigorously controlled conditions of aeration, agitation,
and inoculum size' in a defined medium (6) which
contained 10 mg/ml r)-glucose. Cells were collected
aseptically from culture flasks, fixed, and processed
by the glutaraldehyde, Os0 4 , Epon-Araldite, uranyl
acetate, lead citrate method employed by Antipa (7)
with the exception that 0 .1 M phosphate buffer was
used. Sections were also treated by Thiery's technique .
As a control for Thiery's technique, 10% acetic acid
was substituted for the thiosemicarbazide solution .
This resulted in no staining of glycogen . As a control
for the presence of glycogen, sections were treated
before staining with a-amylase (Sigma type IIA
[Sigma Chemical Co., St. Louis, Mo.], 0.5% in 0.1 M
phosphate buffer, pH 7.0, 4 h at 37°C) to remove
glycogen. However, we have found for Tetrahymena
that treatment with o-amylase alone failed to remove
glycogen from ultradian and infradian cells . As
glycogen is usually bound to protein (8), sections
were first treated with protease (Sigma type VII,
1 G. A. Antipa, C. F. Ehret, J. C. Meinert, and A.
Sutherland. In preparation.
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FIGURE 3 Tetrahymena pyriformis W from a culture in the infradian mode of growth at a titer of
750,000 cells/ml (average cell generation times >>200 h) 36 h after the onset of the infradian mode .
Note the empty appearance of the endoplasm when stained with uranyl acetate/lead citrate . X 1,750.
FIGURE 4 Tetrahymena pyriformis W like the cell in Fig. 3 but obtained by Thiery's method showing
endoplasm full of glycogen. X 2,700.
FIGURE 5 High magnification shot of infradian glycogen seen in Fig. 4 showing the branching form
composed mainly of a-sized particles ; some )3 particles characteristically adjacent to the endoplasmic
organelles and macronucleus are also shown (upper right) . X 28,000.
BRIEF NOTES
0.5% in 0.1 M phosphate buffer, pH 7.0, 4 h at
37°C) ; they were then rinsed and treated with a-
amylase. This procedure removed the glycogen.
RESULTS AND DISCUSSION
The normal ultrastructural appearance of the cells
in the early ultradian mode is shown in Fig. I .
The endoplasm is full and obviously active . No
glycogen particles are evident . After treatment by
Thiery's technique the cells show small islands of
glycogen in both the a and /3 configurations (Fig .
2) ; we use the terminology of Drochmans (9) .
The ultrastructural appearance of the cells in
the infradian mode is shown in Fig. 3. The cells
look very different. Only a few mitochondria, ribo-
somes, food vacuoles, and peroxisomes (the last as
identified by the presence of catalase') are seen,
and these are mainly either around the inner
periphery of the cell or adjacent to the macro-
nucleus. Approximately 85 % of the endoplasm ap-
pears empty . We wish to emphasize that such cells
are neither moribund nor senescent, but rather that
this empty appearance is the norm for infradian
cells at high glucose concentrations and at the low
oxygen concentrations (< <0.1 ppm) character-
istic of aerated cultures at high cell-titers ( >5 x
105 cells/ml).' Indeed, if the aeration is suddenly
increased, such oxygen-limited infradian cells
resume the ultradian mode of growth within 2-3
h (10) .
We now show by Thiery's method that the ap-
parently empty endoplasm is largely filled with
glycogen (Fig. 4) . Close examination of this in-
fradian glycogen shows that whereas a very small
amount of it in the vicinity of endoplasmic mem-
branes appears as conventional ,(3 particles (Fig . 5,
upper right), most of it does not have the classical
ultrastructural appearance of either a or (3 par-BRIEF NOTES 243ticles. The bulk appears as an internally branching
form of glycogen composed of short chains of
a-sized particles (Fig . 5) . Within the plane of
section the majority of the chains are composed of
2 or 3 units, and the average size of each unit
is 65-85 mm. This branching infradian glycogen
resembles somewhat the partially interconnected 0
particles seen in the embryonic chick glycogen
body (11, 12) and in McArdle's disease (type V
glycogenosis) (12) . In both of these cases, however,
the branching is less distinct and the branch units
are 0 particles of size 20-40 run. We know of no
other report of such extensively branched forms of
glycogen in this a-sized configuration, although its
occurrence in other infradian cells may be as
commonplace as it appears to be in Tetrahymena
pyriformis.
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